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Alzheimer's disease is a multifactorial and 
progressive neurodegenerative disease, extremely diffused 
and with an increasing prevalence worldwide. There is an 
urgent need for biomarkers to diagnose AD early in its 
course. Furthermore, accurate biomarkers would be able to 
determine the clinical efficacy of novel neuroprotective 
strategies.  Although the heritability of late-onset AD is 
high, our knowledge of the underlying putative 
susceptibility genes remains incomplete and the only 
unequivocally established late-onset AD gene is APOE. 
Nevertheless a number of susceptibility loci seems to 
influence the pathogenesis of AD, and variations in 
numerous genes have been considered to be important in 
the risk for AD. Many advances have been made in 
identifying biochemical indices of brain dysfunction, 
measured in body fluids such as cerebrospinal fluid and 
plasma, with different methodological approaches. 
Although these biomarkers are promising, none of them 
can predict AD with 100% confidence to date. This review 
will elaborate on the available selection of genetic and 
biochemical biomarkers for AD, with a particular reference 


















Alzheimer's disease (AD) is a heterogeneous and 
progressive neurodegenerative disease which in Western 
society mainly accounts for clinical dementia. 
Neurodegeneration in AD appears to be multifactorial, 
whereby several biochemical processes operate 
sequentially and/or in parallel. Neuro-pathological 
hallmarks are senile plaques, resulting from the 
accumulation of several proteins and an inflammatory 
reaction around deposits of amyloid, a fibrillar protein, 
Abeta, product of cleavage of a much larger protein, the 
beta-amyloid precursor protein (APP) and neurofibrillary 
tangles. Amyloid deposition, due to the accumulation of 
Abeta peptide, is the main pathogenetic mechanism. It is 
quite clear that similar or identical pathological lesions can 
be the consequence of multiple environmental and genetic 
susceptibility factors, and thus, the initial causative 
biological processes may differ between the affected 
individuals. The pathological process characteristic of AD 
begins decades before the first symptoms of brain failure, 
thus making it difficult to reliably identify pathology based 
on the clinical phenotype alone. The increasing prevalence 
of AD motivate the drive to develop diagnostic biomarkers 
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to reliably identify the pathology at an early stage. 
Although many neurodegenerative diseases cannot be cured 
at the present time, there are often symptomatic treatments 
available and new drugs are emerging to forestall and/or 
reverse the onset and/or progress of the diseases (1, 2). 
Thus, an early diagnosis will at least assist in the better 
management of patient care. Biomarkers for AD may also 
help to identify subclasses of the disorders, monitoring of 
disease progression and treatment (3). Advances have been 
made in neuroimaging techniques that assess regional 
structure, function and biochemistry of the brain, as well as 
in identifying biochemical indices of brain dysfunction, 
measured in body fluids such as cerebrospinal fluid (CSF) 
and plasma (4). This review will elaborate on the available 
selection of genetic and biochemical biomarkers for AD, 
with a particular reference to those linked to inflammation 
and oxidative stress, since the review is mostly focused on 
data from author laboratories. 
 
3. PATHOGENESIS OF AD 
 
 Amongst the existing entities of dementia 
spectrums, Alzheimer’s disease and dementia with vascular 
component are the most prevalent forms of dementia. 
These disorders have common and unique molecular 
pathological characteristics that result in serious reductions 
in nervous-system functionality (5). AD, the most common 
cause of dementia, accounts for 50 to 70 percent of 
dementia cases (6). It is a severe neurodegenerative 
disorder characterized by progressive memory and 
cognitive impairment. The multiple pathogenic events in 
AD can be classified as primary events (genetic factors, 
neuronal apoptosis), secondary events (beta-amyloid 
(Abeta) deposition in senile plaques and brain vessels, 
neurofibrillary tangles due to hyperphosphorylation of tau 
proteins, synaptic loss), tertiary events (neurotransmitter 
deficits, neurotrophic alterations, neuroimmune 
dysfunction, neuroinflammatoray reactions) and quaternary 
events (excitotoxic reactions, calcium homeostasis 
miscarriage, free radical formation, primary and/or reactive 
cerebrovascular dysfunction) (7). Under physiological 
conditions, APP is processed by the non-amyloidogenic 
pathway, where cleavage by alfa-secretase releases a 
soluble fragment. In AD, this process is significantly 
altered, where increased amount of APP is cleaved by other 
endo-proteases such as beta- and gamma-secretase, 
generating highly amyloidogenic beta-amyloid protein 
molecules of 40-42 amino acid residues. Soluble beta-
amyloid protein rapidly aggregates into fibrils triggering 
the misfolding of other Abeta species. In vitro studies have 
shown that extracellular fibrillar Abeta peptides induce 
apoptosis in cultured neurons (8). The amyloid cascade 
hypothesis is the central hypothesis for the cause of AD, 
which states that the initiating event in AD is an imbalance 
between the production and clearance of Abeta in the brain 
(9). Another neuropathological hallmark of AD is the 
appearance of neurofibrillary tangles that consist of a 
hyperphosphorylated form of the microtubule-stabilizing 
protein tau, often conjugated with ubiquitin. The abnormal 
hyperphosphorylation of tau makes it resistant to 
proteolysis and this might lead to several-fold increase in 
the levels of tau in AD. The hyperphosphorylated tau 
causes sequestration of normal tau and other microtubule-
associated proteins, leading to inhibition and disruption of 
microtubules and impaired axonal transport (10). Tau also 
becomes prone to aggregation leading to formation of 
intracellular neurofibrillary tangles, compromising 
neuronal and synaptic function. A recent study has 
suggested a link between amyloid and neurofibrillary 
tangles, whereby Abeta exposure triggers caspase cleavage 
of tau, which in turn promotes the assembly of tau into 
pathological filaments (11). Several other hypotheses have 
been proposed to explain the pathogenesis of AD, including 
abnormalities in proteins regulating the cell cycle, 
inflammatory mechanisms, oxidative stress, and 
mitochondrial dysfunction with disruption in neuronal 
energy metabolism. In particular generation of reactive 
oxygen species (ROS) and/or reactive nitrogen species 
(RNS) associated with mitochondrial dysfunction have 
been demonstrated to play an essential role in the 
pathogenesis of this disease  (12).   
 
4. GENETIC OF ALZHEIMER’S DISEASE 
 
Although the complete etiopathogenesis of AD 
still remains unclear, genetic studies over the past two 
decades have provided valuable insights into this complex 
and heterogeneous disorder. Twin and family studies have 
shown that certain genes contribute to the development of 
AD, especially with respect to the age at which the disease 
manifests, and more recently, the development of non-
cognitive symptomatology (13). Early onset familial AD is 
a very rare autosomal dominant disorder caused by highly 
penetrant mutations in APP and presenilin genes, both 
linked to Abeta metabolism. Around twelve different 
mutations have been identified in APP gene at the level of 
alfa-,beta-, or gamma-secretase cleavage sites, which can 
lead to alteration in the normal proteolysis of amyloid 
precursor protein. Similarly, more than fifthly missense 
mutations of the presenilin-1 gene (PS1) are associated 
with familial AD; several mutations of presnilin-2 gene 
(PS2) are associated with rare cases of early onset familial 
AD (14). These mutations of APP, PS1 and PS2 may share 
a common pathogenetic mechanism leading to 
accumulation of beta-amyloid protein as a result of 
abnormal amyloid precursor protein metabolism. In 
contrast, sporadic AD is a very common disorder. Although 
the heritability of late-onset AD is high, our knowledge of 
the underlying putative susceptibility genes remains 
incomplete. The only unequivocally established late-onset 
AD gene is APOE (OMIM 107741), encoding 
apolipoprotein E, a protein involved in the transport of 
cholesterol. Three apoE gene alleles are described (epsilon 
2, epsilon 3, and epsilon 4). A growing volume of evidence 
has reported an association of apoE epsilon 4, late-onset 
familial, and sporadic AD (15).  
 
 ε4 allele increases the risk for AD by 4- to 15-
fold in a dosedependent manner, and epsilon 2 has shown a 
protective effect. As many as 40 to 50% of AD patients 
possess ε4 allele compared to 15 to 25% of controls. 
Subjects homozygous for epsilon 4 are reported to have a 
6- to 8-fold increased risk of developing AD compared to 
the risk of heterozygotic subjects (increased by 2- to 4-
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fold). Moreover, APOE epsilon 4 may influence AD 
pathology by  interacting with APP metabolism and β-
amyloid protein accumulation, enhancing  
hyperphosphorylation of tau protein and neurofibrillary 
tangle formation, reducing choline acetyltransferase 
activity, increasing oxidative processes, modifying 
inflammation-related neuroimmunotrophic activity and 
glial activation, altering lipid metabolism, lipid transport 
and membrane biosynthesis in sprouting and synaptic 
remodelling, and inducing neuronal apoptosis. To date, no 
other late onset AD gene has been conclusively proven, 
nevertheless a number of susceptibility loci seems to 
influence the pathogenesis of AD. Several studies have 
reported susceptibility loci on chromosome 1, 2, 5, 9, 10, 
12, 14, 18, 19 (close to ApoE), and 21 (close to the APP 
gene) (16, 17). Genomewide association analyses of AD 
reported evidence of an association between variants in 
GRB2-associated binding protein 2 (Gab2) (OMIM 
606203) on chromosome 11q14 and AD risk (18). Gab2 is 
a member of a family of evolutionarily highly conserved 
scaffolding and adapter proteins that are involved in 
multiple signalling pathways and particularly in the 
transduction of cytokine and growth receptor signalling 
(19). Gab2 is ubiquitously expressed but is found at high 
levels in white blood cells, prefrontal cortex, and 
hypothalamus (20). Changes in Gab2 expression could 
potentially affect Gsk3-dependent phosphorylation of tau 
and the formation of neurofibrillary tangles (21). Moreover, 
growth factor receptor–bound protein 2, which binds Gab2, 
has been reported to bind tau, APP, and presenilin 1 and 2, 
giving sense for the involvement of this gene in the 
pathogenesis of AD (22).  Furthermore GAB2 effect sizes 
are among the strongest and most significant observed in 
any putative disease gene after APOE in the field of AD. 
Variations in inflammation and apoptosis genes, such as 
HLA-A2, interleukins (IL1A, IL1B, and IL6) and tumor 
necrosis factor-alpha (TNF) have also been considered to 
be important in the risk for AD (23, 24). Other 
polymorphisms that may also be associated with AD are 
linked to the angiotensin-converting enzyme, Cystatin C, 
tau genes, estrogen receptor and 5-lipoxygenase enzyme. 
Genes involved in the neurodevelopmental process have 
also been considered good candidates to confer 
susceptibility to AD. All these genetic factors may interact 
in unknown genetic networks leading to a cascade of 
pathogenic events characterized by abnormal protein 
folding, with subsequent accumulation of abnormal 
proteins, ubiquitin-proteosome system dysfunction, 
exicitotoxic reactions, oxidative stress, mitochondrial 
injury, synaptic failure, altered metal homeostasis, axonal 
and dendritic transport dysfunction and chaperone 
misoperation. In particular, cytokine gene polymorphisms 
have been claimed to play a key role in pathophysiology of 
AD. Several studies report associations between IL-1beta 
polymorphisms and AD, but findings from different studies 
are controversial. We have recently performed a meta-
analysis to verify the correlation between the single 
nucleotide polymorphisms (SNPs) of the IL-1beta, at sites -
511 and +3953, and AD (25). The results support an 
association between the TT genotype of IL-1beta +3953 
SNP and AD, and suggest a possible association of the -511 
TT genotype. 
5. BIOCHEMICAL MARKERS 
 
The biochemical markers of AD can be classified 
as primary (specific), such as Abeta or Tau, or secondary to 
the disease, or they can simply be epiphenomenal in nature. 
A wide variety of different proteins such as inflammatory 
markers, markers of oxidative stress, apolipoproteins, and 
markers of neuronal degeneration in blood and 
cerebrospinal fluid have been examined. The cerebrospinal 
fluid has been the principal focus of research for diagnostic 
markers in AD pathology due to its direct contact with the 
extracellular space of the brain (26), and the quantification 
of tau and Abeta in the CSF represent the most intensively 
studied biomarkers of AD (27). Approximately 80% of 
patients who meet clinical criteria for AD have elevated 
levels of CSF tau. The relationship between high levels of 
CSF tau and a pathologic diagnosis of AD has been 
confirmed also in autopsy studies (28). High CSF total tau 
(t-tau) has been proposed as a marker able to discriminate 
between memory-impaired individuals that later progressed 
to AD, and those that did not convert (29). Other authors 
have shown that the absolute level of CSF tau in patients 
with AD did not correlate with the severity or duration of 
the dementia (30). Another line of recent evidence suggests 
that CSF phosphotau (tau protein phosphorylated at 
threonine 231) declines during the natural course of AD. In 
this study the authors demonstrated that CSF phosphotau 
concentration, but not total tau, decreased over time in AD, 
independent of age. Rate of change was inversely 
correlated to cognitive decline, suggesting that CSF 
phosphotau may have the potential to track AD 
progression.  
 
Aβ (1-42) is especially prone to fibrillization and 
disproportionally accumulates in extracellular lesions in 
AD brains, and most studies showed that Abeta 1-42 
concentrations are lower in the CSF of AD patients. 
Decrease in CSF Abeta 1-42 in AD is probably the most 
consistent BM finding, and has been hypothesized to reflect 
a deposition of the peptide in senile plaques, with lower 
levels diffusing to the CSF. Abeta 1-42 alone showed a 
sensitivity of 78%, and a specificity of 81%, in 
distinguishing AD patients from elderly controls (32). 
However, studies correlating CSF Abeta  1-42 protein 
concentrations with cognitive performance in AD were, in 
part, contradictory (33) and the potential value of Abeta 1-
42 protein during the course of AD progression should be 
further evaluated. Plasma Abeta 1-40 and Abeta 1-42 levels 
did not correlate with the disease (34), and results from 
different studies are often conflicting (35). A recent 
research conducted in presymptomatic familial AD persons 
indicated that plasma Abeta 1-42 is elevated in familial AD 
mutations carriers and that this level may decrease with the 
cognitive decline of disease progression prior to the 
development of dementia (36). Looking for secondary 
markers, advanced proteomic approach has provided 
numerous potential biomarkers to differentiate AD from 
non-AD with high sensitivity and specificity (for a review 
see 37 ). Using LC–MS platform, a recent research has 
revealed more than 100 candidate markers, including brain-
derived neurotrophic factor (BDNF), interleukin (IL)-8, 
vitamin D binding protein (VDBP), apolipoprotein (apo) 
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AII, and apoE, as potential CSF biomarkers for AD (38). In 
a more recent SELDI-TOF-MS study, 15 potential 
biomarkers were identified and a panel of five markers 
(Cystatin C, truncated Cystatin C, Abeta1–40, C3a 
anaphylatoxin des-Arg and a 4.0 kDa protein) togetherwith 
total tau and Abeta1–42 analysis could distinguish AD 
from healthy control individuals with high sensitivity and 
specificity (39). Finally, because blood is more easily 
accessible than CSF, a search is also underway for useful 
plasma biomarkers in AD. A recent research has 
demonstrated increased concentrations of complement 
factor H and alfa-2-macroglobulin (40), while another 
study identified four potential biomarker peaks using the 
serumalbumin-bound fraction from AD and control 
subjects (41).  
 
 It is widely believed that Abeta deposition in 
the brain starts an immune reaction leading to the 
development of the local chronic reaction typical of AD. 
Recently, our group has reported data on immune-
inflammatory parameters evaluated in PBMC obtained 
from AD patients (42). We showed no changes in 
lymphocytes subsets with the exclusion of B cells that are 
reduced in AD subjects. The study of B cell naïve/memory 
compartment shows a reduction of DN (IgD-CD27-) B 
cells in AD patients compared with age-matched healthy 
controls. Inflammatory cytokines IL-1beta, IL-6, IFN-
gamma, TNF-alfa, chemokines MIP-1beta and RANTES as 
well as chemokines receptors CCR2, CCR3 and CCR5, are 
up-regulated in AD patients after in vitro stimulation with 
amyloid-beta (rAbeta42) peptide.  
 
 Also CD36, a scavenger receptor, is over-
expressed in monocytes of AD patients. All together these 
data confirm the involvement of systemic immunity in AD 
and suggest to continue these kind of study to obtain 
biomarkers useful in the  monitoring the effectiveness of 
therapeutics. 
 
Fibroblasts of sporadic AD patients represent another 
important starting point in the research for novel 
biomarkers because of their various abnormalities in 
metabolic and biochemical processes, which reflect some 
of the events in the AD brain (43). A recent research has 
demonstrated an abnormal response of AD fibroblasts to an 
acute oxidative injury; in particular, fibroblasts from AD 
patients were found to be less vulnerable to the oxidative 
injury induced by H2O2 in comparison with fibroblasts 
from non-AD subjects (44). The tumor suppressor and 
transcription factor p53 plays a pivotal function in neuronal 
apoptosis triggered by oxidative stress. On the basis of 
immunoprecipitation studies with conformation-specific 
p53 antibodies, which discriminated folded vs. unfolded 
p53 tertiary structure, it has been found that in fibroblasts 
from AD patients a significant amount of total p53 assumes 
an unfolded tertiary structure in comparison with 
fibroblasts from control elderly subjects (45). In addition 
and most importantly,  another research (46)  has proposed 
a rapid, easy and quantitative flow cytometric approach for 
the discrimination of conformational mutant p53-bearing 
cells from AD patients compared to non-AD controls, using 
small volumes of blood. Using this technique, they 
processed 75 AD, 66 controls, 15 subjects affected by 
another neuroinflammatory disease, Parkinson’s disease 
and 3 subjects affected with other types of dementia (2 
vascular dementia; 1 progressive supranuclear palsy) and 
confirmed the previous findings: AD subjects expressed 
higher levels of unfolded p53 in comparison with controls 
and subjects with other neurological diseases. Within this 
specific age interval (< 70 years), a comparison of the 
sensitivity and specificity values of this approach with 
those published in several studies, which evaluated the 
diagnostic power of CSF markers for AD (Total-tau, 
Phosphotau and Abeta 1-42), reveal that p53 measurement 
is more sensitive (90% compared to respectively 81.4%, 
81.3% and 85.9%), but less specific (77% compared to 
respectively 91.5%, 91.2% and 88.5%). On the whole, 
these data strongly suggest that the measurement of 
conformational altered p53 in blood cells has a high ability 
to ddiscriminate AD cases from normal ageing, Parkinson’s 
disease and other dementias (47). 
 
 Additionally biomarkers could also be 
identified in human brain tissues. It has been observed that 
in AD frontal cortex autopsies protein kinase C (PKC) 
translocation is blunted when compared to age-matched 
controls (48) and this can be correlated with a defective 
expression of RACK1 levels (49), underscoring an 
alteration in PKC signal transduction in human brain under 
conditions of memory impairment. From a pharmacological 
perspective in animal models of AD, activation of brain 
PKC (such as with bryostatin-1) can influence beta amyloid 
deposition and clearance (50) and counteract behavioral 
deficits. The possibility to utilize PKC as a potential AD 
biomarker is encouraged by the fact that changes in PKC 
signal transduction are reported also in peripheral tissues 
such as fibroblasts and lymphocytes from AD patients (for 
a review see 51).  Studies have applied proteomic 
technologies to characterize specific proteins in AD brain, 
for example, using redox proteomics (a branch of 
proteomics that identifies oxidativelymodified proteins) a 
number of proteins that are oxidatively modified in AD 
brain have been identified (52, 53). Cortical and 
hippocampal oxidative stress is a very early event in the 
pathogenesis of sporadic AD and correlates with the 
development of specific cognitive deficits in this condition. 
Heat shock proteins have been regarded as cytoprotectants 
that protect brain cells from damage encountered following 
cerebral ischemia or during the progression of 
neurodegenerative diseases. Heme oxygenase-1 (HO-1) is a 
32-kDa stress protein that catalyzes the degradation of 
heme to biliverdin. Increased expression of HO-1 is a 
common feature in a number of neurodegenerative diseases 
(54). The HO-1 gene is redox regulated and its activation 
could represent a protective system potentially active 
against brain oxidative injury (55). HO-1 has been also 
proposed as a potential biomarker for AD, and its 
expression in AD patients brain is significantly increased 
(56).  Interestingly, the spatial distribution of HO-1 
expression in diseased brain is essentially identical to that 
of pathological expression of tau (57). HO-1 
immunoreactivity is greatly increased in neurons and 
astrocytes of the hippocampus and cerebral cortex of 
individuals with AD and colocalizes to senile plaques and 
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neurofibrillary tangles. HO-1 is thought to  down regulate 
the production of tau and recently HO-1 polymorphisms 
have been considered as a possible responsible for 
susceptibility to AD (58). Plasma and CSF HO-1 protein 
and lymphocyte HO-1 mRNA levels have been 
demonstrated to decrease in subjects with sporadic AD, 
compared to normal elderly controls and non AD 
neurologic patients (59). In particular the sensitivity and 
specificity of lymphocyte HO-1 mRNA measurement for 
diagnosis of early sporadic AD presented in this study are 
88% and 75% (60). 
 
6. CONCLUSIVE REMARKS 
 
Several experimental methods have been used to 
identify single biomarkers in early disease stage of AD. 
Although these biomarkers are promising, none of them 
can predict AD with 100% confidence nor provide a clear 
delineation of subgroups at risk and thus, a combination of 
markers may be necessary. This seems difficult, especially 
because they are costly, invasive, or unsuitable for broad 
application. Nevertheless, there is an urgent need for 
biomarkers to diagnose AD early in its course, to 
differentiate it from other related diseases or subtypes. 
Furthermore, accurate biomarkers would be able to 
determine the clinical efficacy of novel neuroprotective 
strategies. With improved experimental design/sample 
preparation and implementation of advanced 
methodologies and analysis tools researches in biomarkers 
for AD will likely contribute significantly to managing this 
neurodegenerative disease in the years to come. 
 
7. REFERENCES  
 
1.MS Forman, JQ Trojanowski, VM Lee: 
Neurodegenerative diseases: a decade of discoveries paves 
the way for therapeutic breakthroughs. Nat Med 10, 1055–
1063 (2004) 
 
2. DM Skovronsky , VM Lee, JQ Trojanowski: 
Neurodegenerative diseases: new concepts of pathogenesis and 
their therapeutic implications. Annu Rev Pathol 1, 151–170 
(2006) 
 
3. LJ Thal, K Kantarci, EM Reiman, WE Klunk, MW Weiner, 
H Zetterberg, D Galasko, D Praticò, S Griffin, D Schenk, E 
Siemers: The role of biomarkers in clinical trials for 
Alzheimer's disease. Alzheimer Dis Assoc Disord 20, 6–15 
(2006) 
 
4. CM Clark, C Davatzikos, A Borthakur, A Newberg, S 
Leight, VM Lee, JQ Trojanowski: Biomarkers for early 
detection of Alzheimer pathology. Neurosignals 16, 11–18 
(2008) 
 
5. R Cacabelos: Genomic characterization of Alzheimer's 
disease and genotype-related phenotypic analysis of biological 
markers in dementia. Pharmacogenomics 5, 1049-1105 (2004) 
 
6. R Cacabelos : Pharmacogenomics and therapeutic prospects 
in dementia. Eur Arch Psychiatry Clin Neurosci 258, 28-47 
(2008) 
7. R Cacabelos, A Alvarez, V Lombardi, L Fernández-
Novoa, L Corzo, P Pérez, M Laredo, V Pichel, A 
Hernández, M Varela, J Figueroa, J Jr Prous , M Windisch, 
C Vigo: Pharmacological treatment of Alzheimer disease: 
from psychotropic drugs and cholinesterase inhibitors to 
pharmacogenomics. Drugs Today (Barc) 36, 415-499 
(2000) 
 
8. P Kienlen-Campard , S Miolet, B Tasiaux , JN Octave : 
Intracellular amyloid-beta 1-42 but not extracellular soluble 
amyloid-beta peptides induces neuronal apoptosis. J Biol 
Chem 277, 15666-15670 (2002) 
 
9. K Blennow , MJ de Leon , H Zetterberg : Alzheimer's 
disease. Lancet 368, 387-403 (2006) 
 
10. K Iqbal, AC Alonso, S Chen, MO Chohan, E El-Akkad, 
CX Gong, S Khatoon, B Li, F Liu, A Rahman, H 
Tanimukai  I Grundke-Iqbal : Tau pathology in Alzheimer 
disease and other tauopathies. Biochim. Biophys Acta 1739, 
198-210 (2005) 
 
11. TC Gamblin, F Chen , A Zambrano , A Abraha , S 
Lagalwar, AL Guillozet, M Lu , Y Fu , F Garcia-Sierra, N 
LaPointe , R Miller, RW Berry, LI Binder, VL Cryns: 
Caspase cleavage of tau: linking amyloid and 
neurofibrillary tangles in Alzheimer's disease. Proc Natl 
Acad Sci U S A 100, 10032-10037 (2003) 
 
12. C Mancuso, G Scapagnini, D Currò , AM Giuffrida 
Stella, C De Marco, DA Butterfield , V Calabrese: 
Mitochondrial dysfunction, free radical generation and 
cellular stress response in neurodegenerative disorders. 
Front Biosci 12, 1107-1123 (2007) 
 
13. V Crentsil: The pharmacogenomics of Alzheimer's 
disease. Ageing Res Rev 3, 153-169 (2004) 
 
14. R Cacabelos : Pharmacogenomics for the treatment of 
dementia. Ann Med 34, 357-379 (2002) 
 
15. AM, Saunders, WJ Strittmatter, D Schmechel, PH 
George-Hyslop, MA Pericak-Vance, SH Joo, BL Rosi , JF 
Gusella, DR Crapper-MacLachlan, MJ Alberts: Association 
of apolipoprotein E allele ε4 with late-onset familial and 
sporadic Alzheimer’s disease. Neurology 43, 1467-1472 
(1993) 
 
16. L Bertram , C Lange, K Mullin, M Parkinson, M Hsiao, 
MF Hogan, BM Schjeide, B Hooli, J Divito, I Ionita, H 
Jiang, N Laird , T Moscarillo, KL Ohlsen, K Elliott, X 
Wang, D Hu-Lince, M Ryder, A Murphy, SL Wagner , D 
Blacker, KD Becker, RE Tanzi: Genome-wide association 
analysis reveals putative Alzheimer's disease susceptibility 
loci in addition to APOE. Am J Hum Genet 83, 623-632 
(2008) 
 
17. F Panza, AM Colacicco, A D'Introno , C Capurso, M 
Liaci, SA Capurso, A Capurso, V Solfrizzi : Candidate 
genes for late-onset Alzheimer's disease: focus on 
chromosome 12. Mech Ageing Dev 127, 36-47 (2006) 
Biomarkers for Alzheimer’s disease 
621 
18. BM Schjeide, B Hooli, M Parkinson, MF Hogan, J 
DiVito, K Mullin, D Blacker, RE Tanzi, L Bertram: GAB2 
as an Alzheimer disease susceptibility gene: follow-up of 
genomewide association results. Arch Neurol 66, 250-254 
(2009) 
 
19. G Sármay, A Angyal, A Kertész, M Maus, D 
Medgyesi: The multiple function of Grb2 associated binder 
(Gab) adaptor/scaffolding protein in immune cell signaling. 
Immunol Lett 104, 76-82 (2006) 
 
20. Y Liu, LR Rohrschneider: The gift of Gab. FEBS Lett 
515, 1-7 (2002) 
 
21. CH Reynolds, CJ Garwood, S Wray, C Price, S Kellie, 
T Perera, M Zvelebil, A Yang, PW Sheppard, IM Varndell, 
DP Hanger, BH Anderton: Phosphorylation regulates tau 
interactions with Src homology 3 domains of 
phosphatidylinositol 3-kinase, phospholipase Cγ1, Grb2, 
and Src family kinases. J Biol Chem 283, 18177-18186 
(2008) 
 
22. M Nizzari, V Venezia, E Repetto, V Caorsi, R 
Magrassi, MC Gagliani, P Carlo, T Florio, G Schettini, C 
Tacchetti, T Russo, A Diaspro, C Russo: Amyloid precursor 
protein and presenilin1 interact with the adaptor GRB2 and 
modulate ERK 1,2 signaling. J Biol Chem 282, 13833-13844 
(2007) 
 
23. S Vasto, G Candore, G Duro, D Lio, MP Grimaldi, C 
Caruso: Alzheimer's disease and genetics of inflammation: a 
pharmacogenomic vision. Pharmacogenomics 8, 1735-1745 
(2007) 
 
24. F Listì, G Candore, CR Balistreri, MP Grimaldi, V 
Orlando, S Vasto, G Colonna-Romano, D Lio, F Licastro, C 
Franceschi, C Caruso: Association between the HLA-A2 allele 
and Alzheimer disease. Rejuvenation Res 9, 99-101 (2006) 
 
25. D Di Bona, A Plaia, S Vasto, L Cavallone, F Lescai, C 
Franceschi, F Licastro, G Colonna-Romano, D Lio, G 
Candore, C Caruso: Association between the interleukin-1beta 
polymorphisms and Alzheimer's disease: a systematic review 
and meta-analysis. Brain Res Rev 59, 155-163 (2008) 
 
26. K Blennow, E Vanmechelen, H Hampel: CSF total tau, 
Abeta42 and phosphorylated tau protein as biomarkers for 
Alzheimer’s disease. Mol Neurobiol 24, 87–97 (2001) 
 
27. K Blennow, H Hampel: CSF markers for incipient 
Alzheimer's disease. Lancet Neurol 2, 605–613 (2003) 
 
28. CM Clark, S Xie, J Chittams, D Ewbank, E Peskind, D 
Galasko, JC Morris, DW Jr McKeel, M Farlow, SL Weitlauf, J 
Quinn, J Kaye, D Knopman, H Arai, RS Doody, C DeCarli, S 
Leight, VM Lee, JQ Trojanowski: Cerebrospinal fluid tau and 
beta-amyloid: how well do these biomarkers reflect autopsy-
confirmed dementia diagnoses? Arch Neurol 60, 1696 –1702 
(2003) 
 
29. H Arai, T Nakagawa, Y Kosaka, M Higuchi, T Matsui, 
N Okamura, M Tashiro, H Sasaki: Elevated cerebrospinal 
fluid tau protein level as a predictor of dementia in 
memory-impaired patients. Alzheimer’s Research 3, 211–
213 (1997) 
 
30. P Schönknecht, J Pantel, T Hartmann, E Werle, M 
Volkmann, M Essig, M Amann, N Zanabili, H 
Bardenheuer, A Hunt, J Schröder: Cerebrospinal fluid tau 
levels in Alzheimer’s disease are elevated when compared 
with vascular dementia but do not correlate with measures 
of cerebral atrophy. Psychiatry Res 120, 231–238 (2003) 
 
31. H Hampel, K Buerger, R Kohnken, SJ Teipel, R 
Zinkowski, HJ Moeller, SI Rapoport, P Davies: Tracking of 
Alzheimer’s disease progression with cerebrospinal fluid 
tau protein phosphorylated at threonine 231. Ann Neurol 
49, 545–546 (2001) 
 
32. D Galasko, C Clark, L Chang, B Miller, RC Green, R 
Motter, P Seubert: Assessment of CSF levels of tau protein 
in mildly demented patients with Alzheimer’s disease. 
Neurology 48, 632– 635 (1997) 
 
33. N Andreasen, L Minthon, P Davidsson, E 
Vanmechelen, H Vanderstichele, B Winblad, K Blennow: 
Evaluation of CSFtau and CSF-Abeta42 as diagnostic 
markers for Alzheimer disease in clinical practice. Arch 
Neurol 58, 373–379 (2005) 
 
34. HA Crystal, P Davies: Toward a plasma marker for 
Alzheimer disease: Some progress, but still a long way to 
go. Neurology 70, 586–587 (2008) 
 
35. HJ Frey, KM Mattila, MA Korolainen, T Pirttila: 
Problems associated with biological markers of 
Alzheimer's disease. Neurochem Res 30, 1501–1510 (2005) 
 
36. JM Ringman, SG Younkin, D Pratico, JM Ringman, 
SG Younkin, D Pratico: Biochemical markers in persons 
with preclinical familial Alzheimer disease. Neurology 71, 
85–92 (2008) 
 
37. M Shi, WM Caudle, J Zhang: Biomarker discovery in 
neurodegenerative diseases: a proteomic approach. 
Neurobiol Dis 35, 157-164 (2009) 
 
38. J Zhang, I Sokal, ER Peskind, JF Quinn, J Jankovic, C 
Kenney, KA Chung, SP Millard, JG Nutt, TJ Montine: CSF 
multianalyte profile distinguishes Alzheimer and Parkinson 
diseases. Am J Clin Pathol 129, 526–529 (2008) 
 
39. AH Simonsen, J McGuire, VN Podust, H Davies, L 
Minthon, I Skoog, N Andreasen, A Wallin, G Waldemar, K 
Blennow: Identification of a novel panel of cerebrospinal 
fluid biomarkers for Alzheimer's disease. Neurobiol Aging 
29, 961–968 (2008) 
 
40. A Hye, S Lynham, M Thambisetty, M Causevic, J 
Campbell, HL Byers, C Hooper, F Rijsdijk, SJ Tabrizi, S 
Banner, CE Shaw, C Foy, M Poppe, N Archer, G Hamilton, 
J Powell, RG Brown, P Sham, M Ward, S Lovestone: 
Proteome-based plasma biomarkers for Alzheimer's 
disease. Brain 129, 3042–3050 (2006) 
Biomarkers for Alzheimer’s disease 
622 
41. DC German: Serum biomarkers for Alzheimer's 
disease: proteomic discovery. Biomed Pharmacother 61, 
383–389 (2007) 
 
42. CR Balistreri, MP Grimaldi, S Vasto, F Listi, M 
Chiappelli, F Licastro, D Lio, C Caruso, G Candore: 
Association between the polymorphism of CCR5 and 
Alzheimer's disease: results of a study performed on male 
and female patients from Northern Italy. Ann N Y Acad Sci 
1089, 454-461 (2006) 
 
43. M Racchi, D Uberti, S Govoni, M Memo, C Lanni, S 
Vasto, G Candore, C Caruso, L Romeo, G Scapagnini: 
Alzheimer's disease: new diagnostic and therapeutic tools. 
Immun Ageing 5, 7 (2008) 
 
44. D Uberti, C Lanni, T Carsana, S Francisconi, C 
Missale, M Racchi, S Govoni, M Memo: Identification of a 
mutant-like conformation of p53 in fibroblasts from 
sporadic Alzheimer's disease patients. Neurobiol Aging 
27,1193–1201 (2006) 
 
45. D Uberti, C Lanni, M Racchi, S Govoni, M Memo: 
Conformationally altered p53: a putative peripheral marker 
for Alzheimer's disease. Neurodegener Dis 5, 209–211 
(2008) 
 
46. C Lanni, D Uberti, M Racchi, S Govoni, M Memo: 
Unfolded p53: a potential biomarker for Alzheimer's 
disease. J Alzheimers Dis 12, 93–99 (2007) 
 
47. C Lanni, M Racchi, G Mazzini, A Ranzenigo, R Polotti, 
E Sinforiani, L Olivari, M Barcikowska, M Styczynska, J 
Kuznicki, A Szybinska, S Govoni, M Memo, D Uberti: 
Conformationally altered p53: a novel Alzheimer's disease 
marker? Mol Psychiatry 13, 641–647 (2008) 
 
48. HY Wang, MR Pisano, E Friedman: Attenuated protein 
kinase C activity and translocation in Alzheimer's disease 
brain. Neurobiol Aging 15, 293-298 (1994) 
 
49. F Battaini, A Pascale, L Lucchi, GM Pasinetti, S 
Govoni: Protein kinase C anchoring deficit in postmortem 
brains of Alzheimer's disease patients. Exp Neurol 159, 
559-564 (1999) 
 
50. R Etcheberrigaray, M Tan, I Dewachter, C Kuiperi, I 
Van der Auwera, S Wera: Therapeutic effects of PKC 
activators in Alzheimer's disease transgenic mice. Proc 
Natl Acad Sci U S A 101, 11141-11146 (2004) 
 
51. L Gasparini, M Racchi, G Binetti, M Trabucchi, SB 
Solerte, D Alkon, R Etcheberrigaray, G Gibson, J Blass, R 
Paoletti, S Govoni: Peripheral markers in testing 
pathophysiological hypotheses and diagnosing Alzheimer's 
disease. FASEB J 12, 17-34 (1998) 
 
52. DA Butterfield, R Sultana: Redox proteomics 
identification of oxidatively modified brain proteins in 
Alzheimer's disease and mild cognitive impairment: 
insights into the progression of this dementing disorder. J 
Alzheimers Dis 12, 61–72 (2007) 
53. R Sultana, M Perluigi, DA Butterfield: Protein 
oxidation and lipid peroxidation in brain of subjects with 
Alzheimer's disease: insights into mechanism of 
neurodegeneration from redox proteomics. Antioxid Redox 
Signal 8, 2021–2037 (2006) 
 
54. MD Maines: The heme oxygenase system and its 
functions in the brain. Cell Mol Biol (Noisy-le-grand) 46, 
573–585 (2000) 
 
55. G Scapagnini, V D’Agata, V Calabrese, A Pascale, C 
Colombrita, D Alkon, S Cavallaro: Gene expression 
profiles of heme oxygenase isoforms in the rat brain. Brain 
Res 954, 51–59 (2002) 
 
56. V Calabrese, R Sultana, G Scapagnini, E Guagliano, M 
Sapienza, R Bella, J Kanski, G Pennisi, C Mancuso, AM 
Stella, DA Butterfield: Nitrosative stress, cellular stress 
response, and thiol homeostasis in patients with 
Alzheimer's disease. Antioxid Redox Signal 8, 1975-1986 
(2006) 
 
57. A Takeda, G Perry, NG Abraham, BE Dwyer, RK 
Kutty, JT Laitinen, RB Petersen, MA Smith: 
Overexpression of heme oxygenase in neuronal cells, the 
possible interaction with Tau. J Biol Chem 275, 5395-5399 
(2000) 
 
58. I Mateo, P Sánchez-Juan, E Rodríguez-Rodríguez, J 
Infante, JL Vázquez-Higuera, I García-Gorostiaga, J 
Berciano, O Combarros: Synergistic effect of heme 
oxygenase-1 and tau genetic variants on Alzheimer's 
disease risk. Dement Geriatr Cogn Disord 26, 339-342 
(2008) 
 
59. HM Schipper, H Chertkow, K Mehindate, D Frankel, C 
Melmed, H Bergman: Evaluation of heme oxygenase-1 as a 
systemic biological marker of sporadic AD. Neurology 54, 
1297-1304 (2000) 
 
60. HM Schipper, Y Mawal, H Chertkow, H Bergman: 
Blood HO-1 mRNA in AD and MCI. Neurology 57, 2142-
2143 (2001) 
 
Abbreviations: AD: Alzheimer's disease; APP: beta-
amyloid precursor protein; CSF: cerebrospinal fluid; Gab2: 
GRB2-associated binding protein 2; ROS: reactive oxygen 
species; PKC: protein kinase C; HO-1: heme oxygenase-1  
 
Key Words: Alzheimer's disease, Biomarkers, Beta-
Amyloid, Neurodegeneration, Heme Oxygenase 1, 
Oxidative Stress, p53, Review 
 
Send correspondence to: Giovanni Scapagnini, 
Department of Health Sciences, University of Molise, Via 
de Sanctis, Campobasso, Italy, Tel: 0874 / 404746, Fax: 
0874 / 404778, E-mail: giovanni.scapagnini@unimol.it 
 
http://www.bioscience.org/current/vol2S.htm 
